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Company Overview

Polarimeter

PM1000:

100 MS/s, 128 MS memory

Polarization

Controller/Demultiplexer

EPC1000: 100 krad/s

Polarization

Scrambler/Depolarizer

EPS1000: 20…80 Mrad/s

• Founded in 2010, spin-off from University of Paderborn

• Located in Paderborn, Germany

• Main Products:
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• Definition of polarization

• Poincaré sphere, Stokes vectors

• SOP measuring principle

• Overview of polarimeter PM1000

• Graphical User Interface (GUI)

• Examples of Event Recording

• Examples of Continuous Recording

• Text / Binary Files

• Evaluation

Outline
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• Light is an electromagnetic (transverse) wave

• During transmission, an electrical and a magnetical field oscillates 

perpendicular to the transmission direction

• The State of Polarization (SOP) defines the oscillation direction of the 

electrical field, e.g. „vertical polarization“

Definition of Polarization

Figure:  Wikipedia
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Poincaré sphere
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Figure:  Wikipedia
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• 2 orthogonal parts of the wave can 

superimpose with different phases

• Every SOP can be displayed as a 

polarization ellipse.

• The double of both ellipticity angle and 

azimuth angle span the Poincaré sphere.
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Stokes Vectors

Poincaré sphere
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• Normalized Stokes vector with 3 parameters 

and length 1:

horizontal: vertical:

+45°: -45°:

right 

circular:

left 

circular:

• Fundamental polarizations:
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Stokes Vectors

Poincaré sphere
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• 4 degrees of freedom:

 1 (power) + 2 (SOP) + 1 (DOP)

• Different normalization types exist in PM1000

• General Stokes vector with 4 parameters:

DOP =
𝑆1′

2+𝑆2′
2+𝑆3′

2

𝑆′0
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ADC

Storage / Processing

SOP Measuring Principle

Calibration matrix

4 Stokes parameters

• Measure power in 4 fixed 

analyzer polarizations.

• Ideal case: 4 corners of a 

tetrahedron

• Again 4 degrees of freedom

Photocurrent

Separation of 

analyzer polarization

Photodiode

optics

(polarimeter 

head)

Amplifier
analogue 

electronics 

(PCB)

digital 

electronics

(FPGA)Normalization

x4
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PM1000 Hardware

Interfaces

Polarimeter head 

(backside)

analogue 

electronics

FPGA + memory

• Polarimeter head: • PCB / module:
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PM1000 Overview

• Desktop instrument (also: Rackmount 

or PCB/module)

• Sampling frequency: 100 MHz

• adjustable averaging

• Internal memory: 8 Gbit (128 

MSamples)

• Interfaces: HDMI, USB 3.0, Gbit 

Ethernet

• Clock synchronization to 1PPS real 

time source

• Software: GUI (Windows), Matlab, 

Python (Windows/Linux)
Net data rate ~ 400 Mbit/s (6 MS/s)
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Recording Types

• Data Stream: Continuous transfer of SOP data at adjustable sampling rate

• Manual Recording: 

Records 1 memory block and stops. Block size is defined by Memory 

Exponent (ME). Sampling time is defined by Averaging Time Exponent 

(ATE): tS=2ATE∙10 ns, fS=100 MHz/2ATE

• Triggered Recording: 

Uses memory blocks as ringbuffers for continuous recording. Upon a 

defined trigger event, it continues recording in the current block for the 

amount of post-trigger samples. After that, it continues in the next block. 

• (Endless) Dynamic Undersampling: 

A sample is only recorded if it differs by the previous recorded sample by 

more than a defined threshold. Once a block is completed, the GUI/script 

can transfer it. The GUI/script marks transferred blocks so they can be 

overwritten with new data by PM1000.

8 Gbit memory (128 MSamples)memory block

(2ME samples, 10<ME<27)
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PM1000 GUI Overview
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PM1000 GUI Overview

also: Display of SOP 

speed and FFT
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Event Recording

A hammer (0.3 kg) was dropped from a 

height of 2 cm on a fiber cassette DCM-

40.

The internal trigger was set to >0.1 rad 

polarization change in 10.24 µs, so 

roughly 10 krad/s speed.

Start of event, zoomed by a factor of 2000:
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Detection of emulated lightning strikes

blue: 20 Mrad/s for 240 ns, -2 Mrad/s for 2400 ns

magenta:10 Mrad/s for 480 ns, -1 Mrad/s for 4800 ns

red: 5 Mrad/s for 960 ns, -0.5 Mrad/s for 9600 ns

R. Noé, B. Koch, V. Mirvoda, Emulation of polarization fluctuations in glass fibers caused by lightning strikes, 19. Fachtagung 

"Photonische Netze", 11-12 June 2018, Leipzig, Germany, ITG-Fachbericht 279, pp. 96-99, ISBN 978-3-8007-4684-2

blue: 20 Mrad/s for 8 µs, -20 Mrad/s for 8 µs

red: 20 Mrad/s for 0.8 µs, -2 Mrad/s for 8 µs

Event Recording

https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130
https://ieeexplore.ieee.org/document/8436130


16

SOP logging with dynamic 

undersampling

1 M Samples + Timestamps:

57.8 MB (text files)

Continuous Recording: Text Files
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SOP logging with dynamic 

undersampling

1 M Samples + 

Timestamps:

16.4 MB (binary files)

Continuous Recording: Binary Files
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Continuous Recording: Evaluation (Python)
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Future developments

• Data analysis inside PM1000 FPGA for 

- pre-evaluation, generation of trigger signals or

- reduction of transferred data

• Analysis of polarization-multiplexed signals (appear depolarized, DOP=0)

• Display with Poincaré 

sphere at the front 

• Standalone unit with large 

hard disk drive inside

•   ?

Thank you!
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